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changes in Sanderling (Calidris alba) feeding success, time budgets, and weights were followed throughout the nonbreeding season at Bodega Bay, California. Sanderlings spent more time roosting in fall than in winter, and in fall adults spent more time roosting than juveniles. Sanderling prey capture rates were high in fall and spring and declined through winter. Sanderling weights paralleled seasonal changes in feeding success and activity patterns: birds were heaviest in fall and spring and lightest in winter. These results reflect lowered food availability in winter and imply that birds may have difficulty balancing their energy budgets during part of the nonbreeding season. The question is whether these alterations in prey availability have material effects on shorebird behavior. This need not be the case if the fluctuations in availability occur over a range of values where caloric intake rates are not affected-for example, in the asymptotic part of the curve relating foraging rate to prey density. Fluctuations within this range will have negligible impact on shorebirds.
If fact, many shorebirds do alter their behavior on a seasonal basis in relation to prey availability. They spend more time feeding as winter progresses (Goss-Custard 1969 , 1977 Sanderlings arrive at Bodega Bay in July and August and depart in April and May (Myers 1980 , Myers et al. 1985 . Birds at Bodega Bay feed at two exposed sandy beaches during high tide and then fly to a nearby tidal sand flat to feed as the tide recedes (Connors et al. 1981).
On beaches, Sanderlings feed mostly on crustaceans, primarily the sandcrab Emerita analoga and the Wintering Sanderlings 581 al changes in Sanderling feeding behavior and prey capture rates were assessed by focal animal sampling (Altmann 1974). We followed focal birds at high tide (1.0-2.0 m) on beaches and at low tide (-0.3 to +0.9 m) on tidal flats. For behavioral observations, we walked randomly selected stretches of beach or tidal flat and, in a given group of birds, observed the banded individual next to the first banded bird sighted. We followed each focal animal for as long as it was in sight, but not longer than 10 min, recording behavior (with a tape recorder) every 30 s. The mean observation time per individual was 7.8 min. After each observation period, another focal bird was chosen. In this way, different individuals feeding in a variety of social conditions were observed. We recorded prey capture continuously throughout the observation period and identified prey items whenever possible. Prey identification was simple on outer beaches due to the marked vertical zonation of different prey (Myers 1979 , Connors et al. 1981 , Myers et al. 1981 . Prey identification on sand flats was more difficult. Prey taken could be classified as either polychaetes or "unknown." Observations were made using a 15-60 x spotting scope. We did not select roosting birds as focal animals and discontinued observations of focal individuals if they began roosting.
Many individuals were sampled several times during the season. On the beach, we sampled the same individual in more than 1 month 28% of the time and in more than 3 months 5% of the time. On tidal flats, we sampled the same individual in more than 1 month 21% of the time and in more than 3 months 3% of the time. This overlap among sample periods, a result of the random sampling procedure used to select focal animals, reduces the likelihood that differences in foraging rates among sample periods were due to differences among individuals.
We estimated tidal elevation of the focal bird every 30 s by recording the bird's position relative to permanent stakes of known tidal elevation. When the focal bird was not near a stake of known tidal elevation but was feeding at the tide line, tidal elevation at that location was calculated arithmetically (for details see Maron 1984) . Data on birds feeding at or near the tide line were gathered within 45 min of the estimated low tide, to control for short-term variation in feeding success due to changes in prey behavior or in substrate penetrability caused by receding tide and drying substrate (Vader 1964 , Smith 1975 , Pienkowski 1983 . We systematically and regularly altered our observation position to avoid site or tidalelevation biases.
To test for seasonal differences in prey capture rates on exposed beaches, we compared frequency distributions of number of prey captured per 30 s for September-November with those of December-March using a Kolmogorov-Smirnov two-group test. We used the same approach when analyzing capture rates on tidal flats, for which, however, we compared only distributions within the same range of tidal eleva-
tions. Prey density within our study area varies as a function of tidal elevation both on beaches and tidal flats, but Sanderlings use the beaches only over a restricted range of tidal elevations (Connors et al. 1981).
Population activity patterns.-We measured the percentage of time Sanderlings spent roosting vs. feeding using instantaneous scan sampling (Altmann 1974). To do this we recorded the behavior of birds as soon as they were spotted as we walked along the entire length of the two beaches and tidal flat. In most cases activity patterns were noted during the course of regular censuses. Scan samples were conducted at all times of day and across a wide range of tide heights and tidal elevations in all months during the study. (Tide height is used in its conventional sense. Tidal elevation, constant through time for a given site, is the absolute vertical distance between a given position on the sand flat and mean lower low water, the standard reference for tide height.) Most scan samples were taken only once per day in any given habitat; when they were taken more frequently they always were separated by at least 1 h.
On 9 days in September and October (when juveniles and adults could be distinguished on the basis of plumage differences), we determined the percentage of juveniles and adults that were roosting at high tide.
To determine whether birds spent more daylight hours feeding in winter vs. fall, we calculated the mean number of daylight hours in fall and winter and multiplied these values by the mean percentage of daylight time birds spent feeding within these seasons. The mean percent daylight time birds spent feeding within a season was determined by calculating the percent of birds on beaches and tidal flats that were feeding at a given time and averaging these values from observations at all times of day (for analysis of activity patterns on beaches) and all tidal elevations (for analysis of activity patterns on tidal flats).
To determine how time of day and tidal height influenced the amount of time birds spent roosting, we performed a multiple regression using hour of day and tidal height as independent variables to predict percentage of time spent roosting. For the regression we transformed the time-of-day variable into hours before or after 1400. The regression analysis was performed separately for beach and tidalflat data.
Weights.-We caught Sanderlings each month by placing mist nets around roosts on beaches at night. After capture, birds were weighed, color-banded, measured (tarsus length, wing chord, and bill length, measured to the nearest 0.1 mm), sexed (by laparotomy), and released. Weights were corrected for amount of time between capture and weighing, as We analyzed weight data using an analysis of covariance, with bill size as the covariate (Gabriel's approximate method, Sokal and Rohlf 1981; see Results re correlations among weight, wing length, and body length for justification). This controlled for size-related differences in weight and yielded adjusted mean weights and 95% comparison intervals of birds caught each month. To test for potential differences between juvenile and adult weights, we pooled data from September to November and from January to March and compared weights of age groups within those periods. Comparisons were made using a multiple regression technique (Overall and Spiegel 1969), again to control for size-related weight differences.
RESULTS
Prey capture rates.-Sanderling prey capture rates on exposed sandy beaches decreased through the winter (Fig. 1) . Birds captured more prey per 30 s in fall (September-November) than in winter (December-March; Kolmogorov-Smirnov two-group test, D = 0.124, P < 0.01).
Prey composition of the diet changed seasonally. More Emerita were captured in late summer and autumn than in winter, when birds increased their use of Excirolana. Emerita consumption increased once again in March and April (Fig. 2) .
On the tidal flats, prey capture rates varied seasonally with tidal elevation. Within a given range of tidal elevations, Sanderlings captured more prey per 30 s in fall than in winter (data from tidal elevations between 0.3 and 0.9 m were pooled and compared between fall and winter; Kolmogorov-Smirnov two-group test, 100. Fig. 3 ). Polychaetes contributed most to diets of Sanderlings feeding at lower tidal elevations (Table 1) . Within a given tidal height, polychaetes were taken more frequently in winter than in fall.
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Population activity patterns. -Sanderlings spent more time roosting in fall (August-October) than in winter (November-March) on both the outer beaches and tidal sand flat (Figs. 4, 5) . Birds fed for an average of 9.4 daylight hours (75% of mean daylight hours) in fall and an average of 10.4 daylight hours (95% of mean daylight hours) in winter. In fall, a greater percentage of adults than of juveniles were roosting on all 9 days sampled in September and October (ranges: 3-53% of adults vs. 0-25% of juveniles; P < 0.005, sign test). We could not test this relationship beyond October because we could no longer reliably distinguish juveniles from adults in the field.
On beaches during fall and winter, a greater percentage of birds roosted when high tide occurred in midafternoon than when it occurred 0.05, t-test; Fig. 5 ) and roosted more frequently in midafternoon than in morning (P < 0.05, t-test) .
Weight.-Bill size showed a strong, positive correlation with wing length (r = 0.436, P < 0.01) and body weight (r = 0.563, P < 0.01). The correlation of wing length to body weight was not as strong (r = 0.345, P < 0.01). We therefore used bill size as a general indicator of body size and removed its effects in subsequent analyses with an analysis of covariance.
Weights of juvenile and adult Sanderlings did not differ significantly when compared within September-November or January-March (AN-COVA, F = 0.39, P > 0.1). To examine trends we therefore pooled adult and juvenile weights. Adjusted (using ANCOVA) mean weights of adults and juveniles were high in August-October, but dropped steadily thereafter until April (Fig. 6) . The variations in weights within late summer and autumn were not significant. Late winter weights, however, did differ significantly from weights in August-November.
DISCUSSION
The patterns we observed in Sanderling weight, time budgets, and feeding success parallel seasonal changes in prey abundance documented previously in our study area (Connors  et al. 1981, Myers et al. 1981) . In late summer and autumn when birds arrive at Bodega Bay, major prey items are numerous throughout the study area. As a result, Sanderling prey capture rates, weights, and proportions of time spent roosting are all high during this period. With the onset of winter, storms and accompanying rough surf erode local beaches, and prey densities plummet. Prey availability also falls on the tidal flats. Prey capture rates decline in both habitats, the proportion of time feeding vs. roosting increases, and weights decrease.
From January through March, as prey availability diminishes on the beaches, lower tidal elevations on the tidal flats become exposed frequently during the day (Table 2; data from [1981] [1982] . Sanderlings readily exploit these new foraging opportunities, and in early winter, prey capture rates are in fact relatively high at these lower tidal elevations.
These changing patterns in prey capture rates, time budgets, and weights raise the question of whether the seasonal decline in resource conditions taxes an individual's ability to meet its metabolic costs of existence. Preliminary, rough estimates suggest that northern Temperate Zone wintering shorebirds may have difficulty meeting their daily existence costs during midwinter (Smith 1975 , Schramm 1978 , Dugan 1981 , Pienkowski 1982 , Maron 1984 . We cannot answer this question definitively for Sanderlings without more accurate measurements of prey size, energetic expenditures, and caloric intake.
If Sanderlings do have trouble meeting their existence energy costs in midwinter, one option they have is to feed at night. Nocturnal foraging on beaches was not apparent (throughout the winter we regularly searched beaches at night for Sanderlings and never found birds feeding). Prey capture rates on beaches may be too low during midwinter to make this a sound option. We occasionally observed small numbers of Sanderlings feeding on the tidal flats at night during low tides. A 1979 ). We saw no midwinter peak in weights of Sanderlings and are unsure why our results differ from those found in other studies. Proponents of the weight-increase hypothesis might argue either that feeding conditions in California never deteriorate sufficiently to necessitate an adaptive, anticipatory increase; or that conditions are so bad that an increase is not possible (e.g. Davidson 1982). Clearly, all interpretations of patterns of wader weight . 1985) . Although the sharp seasonal decline in feeding success and weight paint a gloomy picture for wintering Sanderlings, it should be noted that the weather during the winter of 1982-1983 was more severe than usual. Rainfall at Bodega Bay was 141 cm in 1982-1983, compared with a mean annual rainfall of 79 cm for the previous 10 years. Wind speed averaged 21.2 km/h for November-March 1982-1983, compared with 15.9 km/h for the previous 5 winters (wind speed recorded at 0800, Bodega Marine Lab. unpubl. data).
In sum, Sanderlings wintering in central coastal California face seasonal trends in resource availability that affect their prey capture rates, activity patterns, and weights. Whether some individuals starve due to reduced prey availability is as yet unresolved. Nevertheless, it is clear that the California coast, a haven for some, is not a haven for all.
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